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(54) Ammonia oxidation catalyst 

(57) A catalyst conposition lor oxidation of ammo- 
nia in the production of nitric acid incorporates a porous 
ceramic structure which is at least partially coated, the 
coating including a layer containing alumina, zirconium 
and cerium, a layer containing cobalt, cerous zirconium 
and optionally manganese, and a layer containing plati- 
num. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to catalysts be used 
for oxidation of ammonia and production of nitric acid 
and. more particularly, to catalysts incorporated on 
ceramic structures. 

2. Description of Related Art 

Commercial processes for production of nitric acid 
frequently involve oxidation of ammonia using a catalyst 
made from platinum or alloys thereof at very high tem- 
peratures; e.g., lOOO^C. Ammonia is made to pass over 
plates or woven mesh made of platinum or plati- 
num/rhodium alloy where it oxidizes to nitric oxide (NO). 
The nitric oxide is converted to nitrogen oxides (NO2) by 
combining with air and then water to produce nitric acid. 

The use of precious metals in the production of 
nitric acid is expensive since the catalyst metal is ulti- 
mately lost. Consequently, efforts have been made to 
reduce costs by reducing the amount of precious metal 
used or by providing alternative catalysts. For example, 
cobalt oxide based catalytic substances for oxidation of 
ammonia are described in U.S. Patent No. 3,962,138. 
The catalyst therein contains 50-95% by weight cobalt 
oxide, 5-15% by weight aluminum oxide and from 0- 
25% by weight of certain enumerated oxides including 
thorium, cerium, zinc, cadmium and zirconium which 
are stated as not substantially improving the essential 
qualities of the catalyst. However, cobalt oxide based 
catalysts have met with limited success. 

Ceramic materials have been used as supports or 
scaffolds for catalytic substances. For example, U.S. 
Patent No. 4,963,521 is directed to an exhaust-gas cat- 
alyst said to have reduced tendency to store sulfur 
oxides which, in one embodiment, incorporates a 
ceramic honeycombed body of cordierite. As described 
therein. rAl203 in powder form is charged with Zr02 and 
cerium dioxide. The AI2O3 doped in this manner is then 
made into an aqueous dispersion and coated onto the 
honeycomb which is then impregnated with salt solu- 
tions of platinum (platinum nitrate), rhodium (rhodium 
chloride) and palladiurh. The '521 patent contains no 
indication that such a catalyst could be useful for oxidiz- 
ing ammonia. U.S. Patent No. 5,217.939 describes a 
catalyst for the production of nitric acid by oxidation of 
ammonia involving reticulated ceramic or metal sub- 
strate coated with cobalt compounds or a noble metal. 
According to the description, a foamed ceramic struc- 
ture is immersed in a solution of an organic solvent and 
from about 1-30 wt.% of a carboxylate salt of cobalt, 
noble metal or mixture thereof, followed by firing at 260** 
to 800°C. As the examples show, most of the ammonia 
conversion product is nitric oxide (i.e.. 93-95 mole %). 



Similarly, the primary product of standard nitric acid 
plant facilities is typically nitric oxide. Thus, further 
processing is necessary to convert nitric oxide (NO) to 
NO2 and then to nitric acid. 
5 There is a continuing need for more efficient and 

economical catalysts in the production of nitric acid. 

SUMMARY OF THE INVENTION 

10 In one aspect, the present invention provides a cat- 
alyst composition including at least two structural layers, 
at least one structural layer of a porous ceramic having 
a coating, the coating including at least one washcoat 
layer which includes aluminum, zirconium and cerium, 

75 and at least one base metal layer which includes cobalt, 
cerium and zirconium, and at least one layer which 
includes platinum. The catalyst composition also 
includes at least one structural layer of zirconium tough- 
ened alumina foam or cordierite 

20 A method of making a catalyst corrposition is also 
provided which includes providing a porous ceramic 
structure, contacting and at least partially coating the 
porous ceramic structure with an acidic aqueous wash- 
coat solution which includes alumina, a zirconium salt 

25 and a cerium salt and calcining the resulting wash- 
coated structure. The caldned washcoated structure is 
contacted and at least partially coated with a base metal 
solution which includes a cobalt salt, a cerous salt and 
a zirconium salt and calcined. The^resulting structure is 

30 contacted and at least partially coated with a solution 
containing a platinum salt and a dispersing agent, and 
calcined. 

In yet another aspect, a method of making nitric 
acid is provided which includes providing a catalyst 

35 composition which includes a porous ceramic structure 
having at least a partial coating, the coating including at 
least one washcoat layer which includes alumina, zirco- 
nium and cerium, and at least one layer which includes 
cobalt, cerium and zirconium, and at least one layer 

40 which includes platinum. The catalyst composition is 
contacted with ammonia and heated, thus forming 
NO/NO2. The NO/NO2 is then converted into nitric acid. 

In still yet another aspect, a catalyst composition is 
provided which includes at least one structural layer of 

45 porous ceramic which is at least partially coated, the 
coating Including at least one washcoat Jayer which 
includes alumina, zirconium and cerium, at least one 
layer which includes cobalt, cerium and zirconium, and 
at least one layer which includes platinum. 

so 

DETAILED DESCRIPTION 

The present invention provides a relatively econom- 
ical arid efficient catalyst composition useful for the pro- 
55 ductibn of commercial quantities of nitric acid. As was 
mentioned above, a typical commercial process yields 
nitric oxide (NO) as a primary product which must be 
oxidized to yield nitrogen oxides (NO2) prior to formation 
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of nitric acid (HNO3). A catalyst according to the present 
Invention surprisingly and unexpectedly provides a pri- 
mary product having a relatively high yield of NO2, e.g., 
from about 75^5 to about 60/40 NO/NO2 under atmos- 
pheric pressure and at temperatures consistent with 5 
typical plant operating temperatures. 

A catalyst composition according to the present 
irrvention incorporates at least one layer of a porous 
ceramic structure which acts as a scaffold or support for 
various catalytic elements. Such a ceramic structure 10 
may take the form of a reticulated body of open cells 
interconnected randomly in three dimensions. Cell den- 
sity can be varied and is preferably from about 200 to 
about 600 cells per square Inch and most preferably 
about 300 to about 400 cells per square inch. Suitable 75 
ceramic structures are commercially available, for 
example, from Selee Corporation of North Carolina. 
Cordierrte may also be used, and in some circum- 
stances is the preferred embodiment. 

An aqueous washcoat solution is contacted with a 20 
porous ceramic structure to create a layer of constitu- 
ents of the solution which preferably Impregnate and are 
distributed across the structure. The washcoat solution 
includes alumina which is milled to a small particle size. 
Also included is zirconium salt which is preferably zirco- 25 
nium oxide and cerium salt which is preferably cerium 
nitrate. The washcoat solution Is further composed of 
water which is preferably deionized and made acidic 
(pH rariging from about 3 to about 6.5) with an acid, with 
nitric acid being preferred. so 

The ceramic structure is immersed in washcoat 
solution. After removing the washcoat Impregnated 
ceramic structure from the washcoat solution, the struc- 
ture is calcined at from atx)ut 1 100*'F to about 2000**F, 
but preferably from about 1400**F to about 1800**F to 35 
remove volatile elements. After calcining, the washcoat 
has been deposited on the ceramic structure with a den- 
sity which may range from about 0.5 to about 2.0 grams 
per cubic inch, but preferably ranges from about 1 .0 to 
about 1.2 grams per cubic inch. The resulting surface 40 
area may range from akx>ut 50 to about 150 square 
meters per gram and more preferably about 80 to about 
120 square meters per gram. 

The washcoated ceramic structure is then coated 
with at least two layers of metalcoat. The first layer is 45 
deposited from a base metal solution including a cobalt 
salt such as cobalt acetate, a cerium salt such as 
cerium nitrate and a zirconium salt such as zirconium 
acetate. Manganese salts such as manganese chloride 
and manganese sulfate may be included in the base so 
metal solution. The solution is further connposed of 
water which is preferably deionized and has a pH rang- 
ing from about 3 to about 6.5 which may be adjusted 
with an acid. The washcoated ceramic structure is 
immersed in the base metal solution. After removing the 55 
ceramic structure from the base metal solution, the 
structure is calcined at from about 1100°F to about 
2000'*F, but preferably from about 1400**F to atxjut 



ISOO^'F to remove volatile elements. After calcining, the 
structure has been coated In concentrations which may 
range from about 1 00 to about 700 grams per cubic foot, 
but preferably ranges from about 150 to about 600 
grams per cubic foot. 

The second metal coat layer is deposited from a 
solution including a platinum salt such as platinum 
oxalate in water which is preferably deionized and has a 
pH ranging from about 3.5 to about 6. The pH may be 
adjusted with an acid. A dispersing agent, trieth- 
anolamine being preferred, is added to the platinum 
solution. It is preferred that substantially equal amounts 
of platinum and dispersing agent be incorporated into 
the platinum solution. The base metal coated ceramic 
structure is immersed in the platinum solution. After 
removing the ceramic structure from the platinum solu- 
tion, the structure is calcined at from about 1lOb**F to 
about 2000**F, but preferably from about 1400**F to 
about 1800**F to remove volatile elements. After calcin- 
ing, the structure has been coated in concentrations 
preferably ranging from about 15 to about 150 grams 
per cubic foot. 

It is contemplated that a catalyst composition 
according to the present invention can incorporate one 
or more layers of the above-described coated ceramic 
structure. Layers may be constructed by simply placing 
coated ceramic structures in adjacent relation to one 
another (vertically or horizontally) or. alternatively, by 
securing them together mechanically by well-known 
mechanisms such as screws, bolts, clamps and the like. 
The coated ceramic structures may also be chemically 
secured to one another by using adhesives or other 
bonding agents known in the art. The characteristics of 
each layer can be varied in relation to the other layers. 
For example, a first layer may contain different amounts 
of washcoat/base metal coat/piatinum ratios as com- 
pared to another layer or the ceramic structure layers 
may incorporate differing amounts of cells per square 
inch. 

A catalyst composition made in accordance with 
the present invention may optionally include one or 
more layers of zirconia toughened alumina foam. Such 
foam may contain from about 5 to about 100 pores per 
linear Inch, and preferably contains from about 10 to 
about 30 pores per linear inch. Cordierite may be used 
as a layer. As above, the layer(s) of alumina foam may 
simply be placed in adjacent relation or secured 
mechanically or chemically as described in connection 
with ceramic structures above. 

The following examples are provided for purposes 
of illustration and sfnould not be construed as limiting the 
scope of the present invention. 

EXAMPLE 1 

Ceramic blocks (Selee Corporation) having 
between -300-400 cells per square inch were 
immersed in washcoat solution containing 31 .68 weight 



5 



EP 0 835 686 A2 



6 



percent alumina (milled to mesh), 1 .74 weight per- 
cent zirconium oxide and 1.58 weight percent cerium 
nitrate in deionized water having nitric acid added to 
adjust the pH to 3.5. The washcoated ceramic blocks 
were removed from the washcoat solution and calcined, 
leaving a coating of 1.0 to 1.2 grams per cubic inch. The 
surface area of the blocks was measured to be between 
80 and 120 meters per gram. 

EXAMPLE 2 

A ceramic core 0.94 inches in diameter and 1 inch 
long was taken from a washcoated ceramic block hav- 
ing a cell density of -300 cells per square inch as 
described in Example 1 . The washcoated ceramic core 
was immersed in a' base metal solution containing 
cobalt acetate, cerium nitrate and zirconium acetate in 
deionized water. The base metal coated ceramic core 
was removed from the base metal solution and calcined 
to achieve a post-fired loading of 215 grams cobalt per 
cubic foot. 209 grams cerium per cubic foot and 322 
grams zirconium per cubic foot. 

EXAMPLE 3 

The coated ceramic core from Example 2 was 
immersed in a platinum solution containing platinum 
oxalate and triethanolamine in deionized water. The 
platinum coated ceramic core was removed from the 
platinum solution and calcined to achieve a post-fired 
loading of 1 00 grams platinum per cubic fool. 

EXAMPLE 4 

The catalyst composition product core of Example 
3 was loaded into a reaction chamber. Preheated air 
was mixed with 10 volume percent ammonia and 
passed over the core with a lightoff temperature of 
370°F. The outlet gas stream was measured for 
NO/NO2 by a chemiluminescent analyzer. Ammonia 
conversion to NO/NO2 was between 95-100% with a 
NO/NO2 ratio of 60/40. The system was run continu- 
ously for 20 days (with the exception of brief shutdown 
to change ammonia tanks) with no change in conver- 
sion. 

EXAMPLES " 

A pilot test site was established where platinum 
gauze was replaced with a catalyst composition as 
described below. The catalyst composition was com- 
posed of three layers of coated ceramic and one layer of 
zirconia toughened alumina foam. The top layer meas- 
ured 6 inches by 6 Inches by 5 inches and contained 
-400 cells per square inch. The next layer measured 6 \ 
inches by 6 Inches by 2 inches and contained -300 
cells per square inch. The next layer measured 6 inches 
by 6 inches by 5 inches and contained -300 cells per 



square inch. The bottom layer was composed of a 1 
inch thick zirconia toughened alumina foam having a 
diameter of 30 inches. Each ceramic layer was treated 
with washcoat solution in a manner similar to that 
5 described in Example 1. Each layer was immersed in a 
base metal solution containing cobalt acetate, cerium 
nitrate and zirconium acetate in deionized water. The 
base metal coated layers were removed from the base 
metal solution and calcined to achieve a post-fired load- 
10 ing of 21 5 grams cobalt per cubic foot as cobalt acetate, 
209 grams cerium per cubic foot as cerium nitrate and 
322 grams zirconium per cubic foot as zirconium ace- 
tate. The coated layers were then immersed in a plati- 
num solution containing platinum oxalate and 
75 triethanolamine in deionized water. The platinum coated 
layers were removed from the platinum solution and cal- 
cined to achieve a post fired loading of 100 grams plati- 
num per cubic foot as platinum oxalate. 

The layers were assembled. The assembled cata- 
so lyst composition was placed in a basket ordinarily used 
to secure platinum gauze and inserted into a reactor. 
The reactor was operated at flows ranging from about 
28.000 scfm to about 38.400 scfm and approximately 
97 psig. Ammonia feed ranged from 9.04 to 9.70 volume 
25 percent in air. The inlet flow temperature was set at 
470°F and the outlet flow temperature ranged from 
about leoo^F to about 1670*>F depending on ammonia 
concentration. Catalyst performance was measured by 
analyzing the outlet gas stream for NO by chemilumi- 
30 nescence which showed an ammonia to NO conversion 
rate of between about 60 to about 80 percent. Gas sam- 
ples were also titrated for nitric acid and ammonia with 
an ammonia to acid conversion averaging 65%. The 
reactor containing the catalyst composition was run for 
35 about 24 hours with no changes in performance. The 
catalyst composition was removed from the reactor and 
analyzed. No loss of platinum, cobalt, cerium or zirco- 
nium was detected. 

The embodiments and examples described above 
40 Should not be considered as limiting the invention. 
Those with skill in the art can envision numerous modi- 
fications which are intended to be within the scope of 
the following claims. 

45 Claims 

1. A catalyst composition comprising at least two 
structural layers: 

at ieast one structural layer of porous ceramic 
having a coating, the coating including at least 
one washcoat layer which includes alumina, 
zirconium and cerium, at least one base metal 
layer which includes cobalt, cerium, zirconium 
55 and optionally manganese, and at least one 

layer which Includes platinum; and 

at least one structural layer of zirconium tough- 
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ened alumina foam. 

2. A catalyst composition according to claim 1 wherein 
the porous ceramic contains from about 200- to 
about 600 cells per square inch, and wherein the 
zirconium toughened alumina foam contains about 
5 to about 50 pores per square inch. 

3. A catalyst composition according to claims 1 or 2 
wherein the washcoat layer is present in an amount 
ranging from about 0.5 to about 2 grams per cubic 
inch, the base metal layer is present in an amount 

k ranging from about 100 to about 700 grams per 

cubic foot, and platinum is present in an amount 
ranging from about 1 5 to about 1 50 grams per cubic 
foot. 

* 4. A catalyst composition according to any one of 

claims 1 to 3 wherein three structural layers of 
porous ceramic are situated in adjacent relation to 
one layer of zirconium toughened alumina foam. 

5. A method of making a catalyst composition com- 
prising: 

providing a porous ceramic structure: 

contacting and at least partially coating the 
porous ceramic structure with an acidic aque- 
ous washcoat solution which includes alumina, 
a zirconium salt and a cerium salt wherein the 
acidic aqueous washcoat solution preferably 
contains nitric acid; 

calcining the washcoated porous ceramic 
structure; contacting and at least partially coat- 
ing the calcined porous ceramic structure with 
a base metal solution which Includes a cobalt 
salt, a cerous salt, a zirconium salt and option- 
ally manganese: 

calcining the base metal coated porous 
ceramic structure; 

contacting and at least partially coating the cal- 
cined base metal coated porous ceramic struc- 
ture with a solution of a platinum salt preferably 
platinum oxalate and a dispersing agent; and 

calcining the platinum salt coated porous 
ceramic structure. 

6. A method according to claim 5 wherein the wash- 
coat solution contains alumina, zirconium salt and 
cerium salt, wherein preferably the zirconium salt is 
zirconium oxide and the cerium salt is cerium 
nitrate. 
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7. A method according to claims 5 or 6 wherein the 
base metal solution contains cobalt acetate, cerous 
nitrate, zirconium acetate and optionally manga- 
nese chloride or manganese sulfate. 

5 

8. A method according to claim 5 further comprising 
repeating the method of claim 5 three times to pro- 
duce three layers of catalyst composition and plac- 
ing the three layers in adjacent relation, wherein the 

10 -three layers of catalyst composition are preferably 
placed adjacent to a zirconia toughened alumina 
foam. 

9. A method of manufacturing nitric acid cornprlsing: 

IS 

> providing a catalyst composition which 
includes a porous ceramic structure having a 
coating, the coating including at least one 
washcoat layer which includes alumina, zirco- 
20 nium and cerium, at least one layer which 

includes cobalt, cerium zirconium and option- 
ally manganese, and at least one layer which 
includes platinum. 

contacting the catalyst composition with 
25 ammonia and oxygen and heating so as to 

form Nb/N02; and 

converting the NO/NO2 into nitric acid. 

10. A method according to claim 9 wherein the yield of 
30 NO/NO2 ranges from about 75/25 to about 60/40. 

11. A method according to claims 9 or 10 wherein the 
washcoat layer is present in an amount ranging 
from about 0.5 to about 2 grams per cubic inch, the 

35 cobalt containing layer is present In an amount 
ranging from about 100 to about 700 grams per 
cubic foot, and platinum is present in an amount 
ranging from about 15 to 1 50 grams per cubic foot. 

40 12. A catalyst composition comprising at . least one 
structural layer of porous ceramic which is at least 
partially coated, the coating including at least one 
washcoat layer which includes alumina, zirconium 
and cerium, at least one layer which includes 

45 cobalt, cerium, zirconium and optionally manga- 
nese, and at least one layer which includes plati- 
num, wherein preferably, the washcoat layer is 
present in an amount ranging from about 0.5 to 
about 2 grams per cubic inch, the cobalt containing 

50 layer is present in an amount ranging from about 
100 to about 700 grams per cubic foot, and plati- 
num is present in an amount ranging from about 15 
to about 1 50 grams per cubic foot, and wherein the 
washcoat layer preferably includes zirconium oxide 

55 and cerium nitrate, the cobalt containing layer pref- 
erably includes cobalt acetate, cerous nitrate, zirco- 
nium acetate and optionally manganese chloride or 
manganese sulfate, and the platinum containing 
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layer preferably contains platinum oxalate. 
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(57) A catalyst composition tor oxidation of anvno- . 
nia In the production of nitric acid incorporates a porous 
ceramic structure wliidi is at least partially coated, the 
coating Including a layer containing alumina, zirconium 
and cerium, a layer containing cobalt, cerous zirconium 
and optionally manganese, and a layer containing plati- 
num. 
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